Exteriorized sheep or goat fetuses, with placental circulation continuing, have been extensively used for measurements of fetal cardiovascular function. However, the effects of this procedure on fetal cardiovascular function have not been assessed. We inserted vinyl catheters into an umbilical vein, an umbilical or fetal hindlimb artery, and a hindlimb vein. We measured umbilical arterial and venous blood gas tensions, umbilical blood flow using the steadystate diffusion antipyrine method, and fetal arterial and umbilical venous pressures before and after delivery by cesarean section. Following exteriorization, placental vascular resistance consistently increased and umbilical blood flow decreased. Umbilical venous Po 2 increased, but umbilical arterial and venous pH and Pco L . and arterial Po 2 did not change significantly. Thus exteriorization of the fetus produces major changes in the fetal circulation, but these changes are not indicated by any major alterations in fetal blood gases and pH.
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• Since Huggett's (1) initial description, exteriorized sheep and goat fetuses have been extensively used for the measurement of fetal cardiovascular function. Various modifications of the original method have been adopted, but they still necessitate removal of the fetus from the uterus. Although much information about fetal physiology has been derived from these experiments, no one has studied the effects of the procedure on the fetus. We have used techniques recently developed for studying the fetus in utero (2, 3) to assess how exteriorization of the fetus may affect some aspects of fetal cardiovascular function and fetal blood gas status.
Method
Studies were performed on 10 unregistered pregnant sheep with fetuses of gestational ages ranging from 92 to 147 days as determined from nomograms published by Barcroft (4) . Following a period of fasting of 12 to 24 hours, hyperbaric low spinal analgesia was given and the ewe was blindfolded and placed on her right side on an operating table. A vinyl catheter was placed in a branch of the maternal femoral artery. We then made a small incision in the ewe's left flank and placed vinyl catheters in the umbilical and lower limb veins and umbilical or hindlimb artery as we have described previously (3) . The catheters were then brought out through the incision, and the abdominal incision was closed. Umbilical blood flow was measured in utero by application of the Fick principle, using our modification (5) of the original steady-state diffusion method of Meschia and co-workers (6) . Continuous infusion of about 12 mg of antipyrine/min was begun after the abdominal incision was closed; a recovery period of at least an hour was allowed before umbilical flow was first measured.
Umbilical venous and arterial and maternal arterial pH, blood gas tensions and blood pressures were monitored intermittently throughout the study. Blood gas tensions and pH were measured using a Radiometer capillary pH electrode, Radiometer Clark type Po 2 electrode, Radiometer
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Severinghaus type Pco 2 electrode and a Radiometer PHM27/PHA927 gas analyzer. All electrodes were in a water bath at 38°C and all measurements made before delivery were corrected to maternal rectal temperature (average 40°C), while those made following delivery were corrected to fetal rectal temperature. Pressures were measured with Statham P23 Db transducers and recorded either on a Grass 8 channel Polygraph or Offner 8 channel Dynograph direct writing recorder.
Placental vascular resistance was calculated by dividing the umbilical arteriovenous mean pressure difference by the umbilical blood flow. Umbilical blood flow and placental vascular resistance were measured at least once 8 to 120 min before exteriorization of the fetus. Following these measurements, the abdominal incision was reopened, a hysterotomy performed and the fetus delivered onto a vinyl-covered warming pad on an adjustable table alongside the ewe. A salinefilled glove was placed over the fetus's head before any respiratory movements could occur. A second heating pad placed over the fetus covered the trunk, limbs, and head to reduce evaporation and heat loss. Care was taken to place no tension on the umbilical cord, which was covered with warm, wet gauze sponges. Delivery of the fetus usually took from 2 to 3 min. Fetal rectal temperature, monitored continuously with a thermistor probe (Yellow Springs), was maintained between 39 and 40 °C by regulating the warming pads. After exteriorization, a minimum of 10 min was allowed for re-equilibration of antipyrine in the event that any change in flow may have occurred. Measurements of umbilical flow, placental vascular resistance and blood pH and gas tensions were then carried out for 10 to 80 min after delivery, either as single or serial observations.
In 3 animals following exteriorization, cannulating electromagnetic flow transducers (Statham Floprobe Series QH) were inserted into each umbilical vein. The details of their calibration have been previously described (5) . Measurements by the antipyrine method were continued to study the effects of this insertion on umbilical blood flow.
Results
The flows before and after exteriorization in all 10 animals are shown in Figure 1 . In the 8 animals in which umbilical flow was measured more than once before exteriorization, there was some variation over periods of up to 120 min, with a general trend of increase in flow. Comparison by paired t-test of the observations made first with those made immediately before delivery in this group showed no significant difference (0.2 > P > 0 . 1 ) . Following delivery of the fetus, umbilical blood flow decreased by 21 to 61% of the flow recorded immediately before delivery. In the same group of 8 animals, comparison of flows immediately before and after delivery showed a significant average fall of 332.5 ml/min (P<0.01). The umbilical venous and arterial blood gas tensions and pH immediately before and after exteriorization were determined at the same time as the flow measurements. These values are shown in Table 1 . The status of individual fetuses before exteriorization was variable, with 3 of the 9 animals studied having pH and Po 2 values lower than those accepted as normal in our laboratory (7) . Following exteriorization, only minor changes occurred in umbilical arterial pH, Poo and Pcoo and umbilical venous pH and Pco 2 , but without any definite trend. However, there was a statistically significant rise of umbilical venous Po 2 (average, 3.75 mm Hg; P <0.01).
The results in the 9 animals in which blood pressures were measured and placental vascular resistance could be calculated are shown in Table 1 . There was a significant average increase of 26 mm Hg/liter per min ( P < 0.01).
In the 3 animals in which cannulating flow transducers were inserted into each umbilical vein following exteriorization, there was a further average fall in umbilical blood, flow, as measured by the antipyrine method, of 304 ml/min.
Discussion
The sheep or goat fetus when removed from the uterus and prevented from breathing maintains a placental circulation for many hours. This has allowed the exteriorized preparation to be used extensively for the study of fetal physiology, and particularly fetal circulation. It has thus been possible to study many of the changes in circulation associated 744 HEYMANN, RUDOLPH with ventilation or clamping of the umbilical vessels. Without knowledge of the effects of this technique on the physiological status of the fetus, numerous observations of the distribution of the fetal circulation have been made in fetuses exteriorized from the uterus (8, 9) . The introduction of techniques to study the fetus in utero (2, 3) has now allowed us to examine the effects of exteriorization on various aspects of fetal circulation.
UMBILICAL BLOOD FLOW AND PLACENTAL VASCULAR RESISTANCE
The cause of the marked decrease in umbilical blood flow that followed exteriorization of the fetus is unknown. It was at least partly related to the increase in placental vascular resistance that occurred consistently. It is possible, however, that it was also related to a fall in total cardiac output in the fetus, but we did not measure this. The cause of the increase in placental vascular resistance is obscure, but it was possibly due to some degree of contraction of the uterus with the occurrence of placental separation as also noted by other workers (2) . This placental separation could lead to increased resistance to flow because at this time there are fewer channels for blood flow. If umbilical arterial or arteriolar constriction occurred, this would further increase total placental vascular resistance. Measurements of umbilical blood flow in the exteriorized fetus (10) have shown a somewhat lower value in the gestational periods of 137 to 141 days as compared to those of 87 to 95 days. Our studies of fetuses in utero, however, have not shown any significant change in umbilical flow as related to fetal body weight over these periods (unpublished observations). It is possible that these findings may be related to the fact that the placenta nearing term is more prone to separation from the uterus, and there is thus a greater increase in placental vascular resistance. This change in placental vascular resistance may be important not only in lowering umbilical flow but also in altering the distribution of fetal blood flow. Since, in the fetal circulation, distribution is determined primarily by local vascular resistance, a significant increase in placental vascular resistance could cause a major redistribution of blood flow with a change in the proportions of shunting across the foramen ovale and ductus arteriosus. During these experiments, in 3 animals we found that manipulation of the umbilical veins to insert cannulating flow transducers into them produced a further large decrease in umbilical blood flow. This raises the question whether umbilical blood flow measured with cannulating electromagnetic flow transducers is normal.
FETAL BLOOD GAS TENSIONS
Until the recent measurements by Meschia and co-workers (2) of blood gas tensions and pH in fetal sheep in utero in chronic unanesthetized preparations no normal values were available. Different workers, therefore, accepted different levels of normalcy for these values based on their own observations after exteriorization of the fetus or exteriorization of the umbilical cord alone. It has generally been assumed that if the values were within these normal ranges, then the fetus was in a normal physiological state with regard to its circulation and metabolism. Dawes and Mott (10), however, questioned the validity of accepting a normal fetal arterial oxygen content as a measure of fetal physiological state.
We have confirmed that there can be significant changes in circulation without any changes in fetal arterial pH, Po 2 and Pcoâ nd umbilical venous pH and Pco... Umbilical venous POM, however, did increase significantly. Dawes, Mott, and Widdicombe (8) initially formed the impression that fetal oxygenation improved following exteriorization because of the release of abdominal compression, with consequent better maternal ventilation. They later showed, however, that removal of blood from the fetus produced an increase in umbilical venous oxygen saturation with a decrease in fetal uptake. We believe that the rise in umbilical venous P02 we observed does not indicate an actual increase in total fetal oxygen uptake, but is rather associated with a greater uptake of oxygen per unit of flow to a decrease in umbilical flow rate.
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A similar mechanism could explain the findings of Dawes, since the hemorrhage in their studies also caused a fall in umbilical blood flow.
Our data show conclusively that major hemodynamic changes may occur with minimal or no changes in arterial pH, Poo and Pcoo and that monitoring of fetal blood gas and the status of acid base may be misleading.
